Introduction: Many HIV-positive individuals in Africa have advanced disease when initiating antiretroviral therapy (ART) so have high risks of opportunistic infections and death. The REALITY trial found that an enhanced-prophylaxis package including fluconazole reduced mortality by 27% in individuals starting ART with CD4 <100 cells/mm 3 . We investigated the cost-effectiveness of this enhanced-prophylaxis package versus other strategies, including using cryptococcal antigen (CrAg) testing, in individuals with CD4 <200 cells/mm 3 or <100 cells/mm 3 at ART initiation and all individuals regardless of CD4 count. Methods: The REALITY trial enrolled from June 2013 to April 2015. A decision-analytic model was developed to estimate the cost-effectiveness of six management strategies in individuals initiating ART in the REALITY trial countries. Strategies included standard-prophylaxis, enhanced-prophylaxis, standard-prophylaxis with fluconazole; and three CrAg testing strategies, the first stratifying individuals to enhanced-prophylaxis (CrAg-positive) or standard-prophylaxis (CrAg-negative), the second to enhanced-prophylaxis (CrAg-positive) or enhanced-prophylaxis without fluconazole (CrAg-negative) and the third to standardprophylaxis with fluconazole (CrAg-positive) or without fluconazole (CrAg-negative). The model estimated costs, life-years and quality-adjusted life-years (QALY) over 48 weeks using three competing mortality risks: cryptococcal meningitis; tuberculosis, serious bacterial infection or other known cause; and unknown cause. Results: Enhanced-prophylaxis was cost-effective at cost-effectiveness thresholds of US$300 and US$500 per QALY with an incremental cost-effectiveness ratio (ICER) of US$157 per QALY in the CD4 <200 cells/mm 3 population providing enhancedprophylaxis components are sourced at lowest available prices. The ICER reduced in more severely immunosuppressed individuals (US$113 per QALY in the CD4 <100 cells/mm 3 population) and increased in all individuals regardless of CD4 count (US $722 per QALY). Results were sensitive to prices of the enhanced-prophylaxis components. Enhanced-prophylaxis was more effective and less costly than all CrAg testing strategies as enhanced-prophylaxis still conveyed health gains in CrAg-negative patients and savings from targeting prophylaxis based on CrAg status did not compensate for costs of CrAg testing. CrAg testing strategies did not become cost-effective unless the price of CrAg testing fell below US$2.30. Conclusions: The REALITY enhanced-prophylaxis package in individuals with advanced HIV starting ART reduces morbidity and mortality, is practical to administer and is cost-effective. Efforts should continue to ensure that components are accessed at lowest available prices.
adolescents and children greater than five years initiating ART with CD4 <100 cells/mm 3 . The package included a daily fixeddose combination tablet (FDC) of trimethoprim-sulfmethoxazole, isoniazid and pyridoxine, 12 weeks' fluconazole 100 mg daily, five days' azithromycin 500 mg daily and a single dose of albendazole [10] . Patients with clinical evidence of opportunistic infections at enrolment (e.g. cryptococcal meningitis) received infection-specific treatment; cryptococcal antigen (CrAg) testing was not routinely performed. The enhancedprophylaxis package reduced all-cause mortality by 27% (from 12.2% to 8.9%) over 24 weeks, significantly reducing cryptococcal deaths and deaths from unknown causes.
The 2017 Guideline Development Group at the World Health Organization (WHO) expressed concerns about the universal use of fluconazole in this population relating to costs, the potential for anti-fungal resistance, and foetal safety among women of childbearing age. Hence, they recommended a reduced package of targeted prophylaxis including fluconazole as pre-emptive treatment (not prophylaxis) only in individuals with CD4 <100 cells/mm 3 who test positive for CrAg, consistent with WHO guidelines for cryptococcal meningitis at the time [11] . Updated WHO guidance in 2018 recommended unrestricted fluconazole primary prophylaxis for individuals with CD4 <100 cells/mm 3 (with consideration if CD4 <200 cells/mm 3 ) where access to CrAg testing is limited, or where prolonged delays in receiving test results might occur, for example, ART initiation at lower level facilities (conditional recommendation; moderate-certainty evidence).
We consider the cost-effectiveness of universal enhancedprophylaxis versus other strategies including restricting fluconazole (as pre-emptive treatment) to CrAg-positive individuals, to identify the optimal strategy in individuals presenting with advanced HIV, and all newly presenting individuals, in the REA-LITY trial countries (Zimbabwe, Uganda, Malawi and Kenya).
| METHODS
A decision-analytic model was developed to estimate costs and health outcomes of different strategies. Costs were estimated from a healthcare system perspective using countryspecific unit costs (price year 2016 US$). Health outcomes were expressed as life-years and quality-adjusted life-years (QALYs) (a generic health measure capturing both quantity and quality of life; one QALY represents a year in perfect health). A 48-week time horizon was used, reflecting trial follow-up [10] . Cost-effectiveness was assessed using incremental cost-effectiveness ratios (ICERs) and incremental net health benefits. ICERs represent the cost per additional unit of benefit of a strategy versus the next best strategy, where extendedly dominated strategies (i.e. those which cost more per additional unit of benefit than the next most effective strategy) are excluded from comparison. Incremental net health benefits (measured in QALYs) reflect the difference between the health generated with the strategy (vs. a reference strategy) and the health which would have been generated elsewhere if the required resources were used for alternative purposes (e.g. health generated by other treatments). Cost-effectiveness thresholds represent the marginal productivity of the healthcare system (i.e. how much health would be generated elsewhere for a given resource), and we here considered commonly used threshold values of US$100, US$300 and US$500/QALY [12] . At a given threshold, the strategy with the highest ICER below that threshold or with the highest incremental net health benefit is cost-effective.
| Patient population
Three populations of previously untreated HIV-positive adults/ adolescents with advanced HIV disease without evidence of clinical opportunistic infection (including Cryptococcus) at presentation in sub-Saharan Africa were considered, with: (i) CD4 <200 cells/mm 3 ; (ii) CD4 <100 cells/mm 3 (REALITY inclusion criteria; 40 (2.2%) children aged 5-12 years also recruited); and (iii) all individuals, regardless of CD4 count.
| Management strategies
Six alternative management strategies over the first 12 weeks on ART were considered: Strategy-1: Standard-prophylaxis: 12 weeks' 160 mg trimethoprim/800 mg sulfamethoxazole daily (REALITY control group). Strategy-2: Enhanced-prophylaxis: 12 weeks' FDC of trimethoprim-sulfmethoxazole, isoniazid (300 mg) and pyridoxine (25 mg) plus fluconazole (100 mg daily). Additionally, at ART initiation, single-dose albendazole (400 mg) and five days' azithromycin (500 mg daily) (REALITY intervention group). Strategy-3: 12 weeks' trimethoprim/sulfamethoxazole and fluconazole (Strategy-2 excluding isoniazid/pyridoxine). Strategy-4: First CrAg testing strategy: CrAg test at presentation, with CrAg-positives receiving full enhanced-prophylaxis (12 weeks' FDC plus fluconazole (100 mg daily), single-dose albendazole and five days azithromycin (Strategy-2)) and CrAg-negatives receiving standard-prophylaxis (12 weeks' trimethoprim/sulfamethoxazole (Strategy-1)). Strategy-5: Second CrAg testing strategy: CrAg test at presentation, with CrAg-positives receiving full enhanced-prophylaxis (12 weeks' FDC plus fluconazole (100 mg daily), single-dose albendazole and five days azithromycin (Strategy-2)) and CrAg-negatives receiving 12 weeks' FDC, single-dose albendazole and five days azithromycin (Strategy-2 excluding fluconazole). Strategy-6: Third CrAg testing strategy: CrAg test at presentation, with CrAg-positives receiving 12 weeks' trimethoprim/sulfamethoxazole plus fluconazole (100 mg daily) (Strategy-3) and CrAg-negatives receiving 12 weeks' trimethoprim/sulfamethoxazole (Strategy-1).
For all strategies, in countries where isoniazid prophylaxis became standard-of-care during the trial (Uganda, Zimbabwe, Kenya), from 12 weeks onwards individuals in the trial received FDC, and in countries where isoniazid prophylaxis was not standard-of-care during the trial (Malawi), from 12 weeks onwards individuals received trimethoprim-sulfamethoxazole alone. Event rates were very low after 12 weeks on ART [13] , so differences in whether or not isoniazid/pyridoxine was part of standard-prophylaxis after 12 weeks would have minimal effect. Full details of the strategies are provided in Table A1 in the Appendix.
| Decision-analytic model
The model is a Markov cohort model with one alive state and mortality from three competing risks: cryptococcal meningitis; tuberculosis, serious bacterial infection or other known cause; and unknown cause (Appendix Figure A1) . The model has a one-week cycle length and considers 48 cycles. During each one-week cycle, individuals can die from one of the three competing risks or survive and incur costs based on the six resource categories (initial CrAg test, prophylaxis, ART, other concomitant medications, clinic visits and hospitalizations (cryptococcus-specific and other)) and accrue life-years and QALYs based on their health-related quality-of-life (HRQoL) weight. Costs, life-years and QALYs are then aggregated over the 48 weeks to estimate totals over the time period. The model was developed in Microsoft Excel.
The decision-analytic model was evaluated separately over 10 cell/mm 3 subgroups of baseline CD4 (i.e. 0-10, 10-20 cells/mm 3 , etc) as the relationships with CD4 are non-linear and disaggregating into subgroups results in more accurate estimations. Estimates then weighted the 10-cell subgroup results by the proportions in each subgroup within the population of interest. Individuals with CD4 >200 cells/ mm 3 were assumed to incur costs of prophylaxis and CrAg testing but receive no mortality benefit or impacts on other cost categories from prophylaxis. CD4 testing costs were not included but the value of CD4 testing for stratifying individuals to different strategies was considered as a scenario analysis. Table 1 indicates the sources of model inputs.
| Data
The main primary data source was REALITY which enrolled individuals from June 2013 through April 2015 [10] . These data informed participant characteristics (including proportions in CD4 subgroups <100 cells/mm 3 ) (Appendix Tables A2 and A3) , and were used to estimate cause-specific mortality hazards over time, costs incurred and HRQoL weights, using regression analyses. Data from retrospective CrAg testing of stored samples from REALITY were also used [14] . The DART trial [15] informed proportions in CD4 subgroups between 100 and 200 cells/mm 3 . A South African study informed the proportion of individuals presenting for ART with CD4 0-100, 100-200 and 200+ cells/mm 3 (Appendix Table A3 ) [1] .
| Ethics and consent
The REALITY trial was approved by ethics committees in Zimbabwe, Uganda, Malawi, Kenya and the United Kingdom. Adult patients and guardians provided written informed consent with older children providing additional assent according to national guidelines.
| Analysis

| Survival
Cause-specific hazards for death from (i) cryptococcal meningitis, (ii) tuberculosis, serious bacterial infection or other known cause and (iii) unknown cause (Appendix Figure A1 ) were estimated from REALITY using competing risk piecewise exponential models (intervals 0-8, 8-24 and 24-48 weeks reflecting changing hazards over time). Covariates considered for inclusion were: baseline CD4 (either absolute or log-transformed), randomized treatment (standard-prophylaxis vs. enhanced-prophylaxis), baseline CrAg status, and an interaction between treatment and CrAg status. Covariates were included based on multivariable p < 0.1. Given the aim to extrapolate relationships to CD4 >100 cells/mm 3 , the choice of CD4 scale was also informed by DART data (baseline CD4 0-200 cells/mm 3 ) [15] . On this basis, absolute scale CD4 parameterization was used for all analyses.
| Costs and resource use
Prophylaxis costs were based on the mean number of recorded prescriptions in REALITY and the minimum price for each drug across countries provided by pharmacies involved in REALITY ( Table 2 ). The CrAg test cost was US$5.66 based on costs within REALITY (including discounted test, consumables and labour) [14] . All inferences were based on REALITY data with unit costs taken from published sources (Appendix Table A4 ) [16, 17] . ART and clinic visits costs were Table A1 REALITY trial [10] Baseline CD4 distribution Table A2 REALITY trial [10] DART trial [15] Carmona et al. [1] Cause specific mortality a Table A4 REALITY trial [10] HRQoL Table A7 REALITY trial [10] Jelsma et al. [19] Prophylaxis drug unit costs Table 2 Pharmacies involved in
REALITY trial
Other unit costs Table A3 Economic Anlysis and Evaluation Team, WHO [16] International drug price indicator guide [17] Clinic visit costs Table A5 REALITY trial [10] Economic Anlysis and Evaluation Team, WHO [16] ART costs Table A5 REALITY trial [10] International drug price indicator guide [17] Hospitalization costs (cryptococcal and other) Table A6 REALITY trial [10] Economic Anlysis and Evaluation Team, WHO [16] Concomitant drug costs Table A6 REALITY trial [10] International drug price indicator guide [17] ART, antiretroviral therapy; HRQoL, health-related quality-of-life. a DART trial used to inform suitability of extrapolation of results above CD4 100 cells/mm 3 .
Walker SM et al. Journal of the International AIDS Society 2020, 23:e25469 http://onlinelibrary.wiley.com/doi/10.1002/jia2.25469/full | https://doi.org/10.1002/jia2.25469 estimated using a panel data approach with weekly waves (48 waves). For concomitant medications, cryptococcal-specific hospitalizations and other hospitalizations, a two-stage regression approach was used; firstly (panel data) estimating the probability of a resource being used in any given week, and secondly regression estimating the mean weekly cost given the resource was used. Covariates considered for inclusion were randomized prophylaxis (enhanced-prophylaxis vs. standard-prophylaxis), baseline CD4, CrAg status, CrAg and treatment interaction, age, sex, time since ART initiation and three time to death indicators (subsequently dying within 0-4, 5-8 and 9-12 weeks) reflecting potential resource implications of being close to death. Covariates were included if multivariable p < 0.1.
| Health-Related Quality-of-Life
HRQoL was measured within REALITY using the EQ-5D-3L tool [18], a generic preference-based measure of health encompassing five dimensions, at baseline, 2, 4, 8, 12, 18, 24, 36 and 48 weeks. HRQoL weights were derived from EQ-5D-3L responses using a published tariff from Zimbabwe [19] , with 1 representing perfect health and 0 death. HRQoL weights were modelled using linear random effects regression with the following covariates: randomized prophylaxis, baseline CD4, age, sex, time since ART initiation and time to death indicators as above. Covariates were retained if multivariable p < 0.1. For an alternative scenario, baseline CD4 was replaced with baseline HRQoL score. Another scenario imposed a maximum HRQoL score of 0.9 for individuals in full health (to reflect the range of values in the original Zimbabwean study). QALYs were estimated from time alive and the HRQoL weights.
| Incorporating treatment effects
The decision model includes prophylaxis strategies that were not investigated within REALITY, specifically removing fluconazole from enhanced-prophylaxis and adding fluconazole to standard-prophylaxis. This requires assumptions about effects of fluconazole and other enhanced-prophylaxis components. We assumed that differences between enhanced-prophylaxis and standard-prophylaxis on cryptococcal meningitis (mortality and hospitalization) were attributed to fluconazole only. Conversely, any effects of enhanced-prophylaxis on other mortality causes or resource use were attributed to other parts of the package (Table 3 ).
| Probabilistic and scenario analyses
The probability of a strategy being cost-effective was evaluated using probabilistic sensitivity analysis for the base-case, with uncertainty in each of the equations used to populate the model incorporated assuming multivariate normality of the coefficients and propagated through the model using Monte Carlo simulation to determine overall decision uncertainty [20] . Scenario analyses included alternative (including country-specific) costs for prophylaxis drugs, US$12 annual FDC cost (based on ceiling price agreement and assumption of 50% reduction for bulk purchasing [21]) and fluconazole cost at 200 mg dose (with no change in efficacy). We also considered an alternate model for cryptococcal mortality that included an interaction between enhanced-prophylaxis and CrAg status. A final scenario considered WHO-recommended fluconazole pre-emptive treatment for CrAg-positive individuals in CrAg testing strategies (two weeks' 800 mg daily, then eight weeks' 400 mg). There is no direct evidence on the effectiveness of this regimen (e.g. in the REMSTART trial [22] it was assessed in combination with adherence support and the effects of pre-emptive fluconazole therefore cannot be isolated). We here assumed this regimen to remove all risk of cryptococcal mortality and hospitalization, which is an optimistic scenario given conflicting evidence on the impact on mortality [22, 23] . Finally, we determined the maximum price of CrAg tests at which a CrAg-testing strategy would be cost-effective and the maximum price of CD4 (to assign individuals to different strategies).
| RESULTS
We first present the results of the statistical analyses (on survival, costs and resource use and HRQoL) performed using the REALITY trial data, which will reflect outcomes of the trialled interventions, Strategy-2 and Strategy-1, in patients with CD4 <100. As described in the methods section, the results of these analyses were used to populate the decision model to evaluate the cost-effectiveness of the six strategies.
| Statistical analysis
| Survival
Enhanced-prophylaxis (REALITY Intervention Group, Strategy-2) significantly reduced cryptococcal and unknown mortality in relation to standard-prophylaxis (REALITY Intervention Group, Strategy-1): hazard ratios (HR) 0.30 [95% CI: 0.10, 0.92; p = 0.04] and 0.62 [0.40, 0.95; p = 0.03] respectively (Appendix Table A5 ). Although enhanced-prophylaxis reduced morbidity, there was no evidence of effect on mortality from tuberculosis, serious bacterial infection or other known causes. CrAg-positivity was only associated with increased cryptococcal mortality (HR = 42.62 [12.18, 149.22 ; p < 0.001]). Higher CD4 was associated with a decreased hazard for all three mortality causes. Mortality hazards decreased markedly over time after ART initiation. Estimated and observed competing risk survival curves were similar (Appendix Figure A2 ).
| Costs and resource use
Clinic visit costs were associated with age, country and time since ART initiation, and ART costs with age and country but not CD4 or CrAg status (Appendix Table A6 ). Enhanced-prophylaxis reduced the probability of cryptococcal hospitalizations and other hospitalizations in relation to standardprophylaxis (odds ratio (OR) 0.56 [0.33, 0.94; p = 0.28] and 0.84 [0.67, 1.06; p = 0.14] respectively), while CrAg-positivity was associated with increased probability of cryptococcal hospitalization (OR = 99.22 [44.65, 220.48; p < 0.001]) but reduced probability of other hospitalizations (OR = 0.44 [0.25, 0.76; p = 0.003]) (Appendix Table A7 ). Enhanced-prophylaxis and CrAg-positivity did not impact the probability of using concomitant drugs in any given cycle but did reduce and increase costs respectively if an individual did use concomitant drugs in that cycle (weekly costs difference of $−0.16 [−0.34, 0.02] and $1.20 [0.87, 1.53] respectively). The probability of each incurred cost increased in the weeks prior to death.
| HRQoL weights
Enhanced-prophylaxis was associated with higher HRQoL weights than standard-prophylaxis although this was not statistically significant (incremental HRQoL weight 0.007 [−0.002, 0.016; p = 0.12]) (Appendix Table A8 ). Time since ART initiation was also associated with higher HRQoL weights (i.e. HRQoL improved with time), and in the weeks prior to death HRQoL weights decreased.
| Base-case cost-effectiveness
In the CD4 <200 cells/mm 3 population (Table 4, Figure 1 ; narrower CD4 subgroups in Appendix Table A9 ), standardprophylaxis (Strategy-1) was the least costly and least effective strategy. Enhanced-prophylaxis (Strategy-2) was the third least costly, and also the most effective strategy, with an ICER of US$157/QALY versus standard-prophylaxis (with standardprophylaxis plus fluconazole extendedly dominated). Enhanced-prophylaxis was more effective and less costly than all CrAg testing strategies (Strategies 4-6). At cost-effectiveness thresholds of US$300 and US$500, enhanced-prophylaxis is cost-effective, with probability of not being costeffective of only 22% and 8% respectively; the incremental net health benefits per 1000 individuals are 9.91 and 14.26 QALYs respectively.
Results were similar in the CD4 <100 cells/mm 3 population (Table 4, Figure 1 ), with standard-prophylaxis being the least costly and least effective strategy, and enhanced-prophylaxis the third least costly, but most effective. Given higher mortality in this more advanced population, the ICER for enhancedprophylaxis versus standard-prophylaxis was lower at US $113/QALY; therefore enhanced-prophylaxis remains costeffective at the two higher cost-effectiveness thresholds with lower decision uncertainty. Considering all individuals presenting with HIV, regardless of CD4 count (Table 4, Figure 1 ), the ICER for enhanced-prophylaxis versus standard-prophylaxis was US$722/QALY, indicating that it is not cost-effective at any of the cost-effectiveness thresholds considered.
The largest cost-savings from enhanced-prophylaxis relate to hospitalizations, and are not markedly different for clinic 
| Scenario analyses
Scenario analyses in the CD4 <200 cells/mm 3 population ( Table 5, other populations in Appendix Tables A10-A12) show results are sensitive to the substantial between-country differences in drug prices ( CrAg-positive individuals, the second CrAg strategy was the most effective but also the most costly, with an ICER of US $4,509/QALY. The impact of the scenarios was broadly similar across the different populations, with results most sensitive to drug prices, and the cost-effectiveness of enhanced-prophylaxis more favourable in the most advanced population. The maximum CrAg test prices that make a CrAg testing strategy cost-effective are markedly lower than the base-case value of US$5.66 (Appendix Figure A4) ; at a US$300/QALY threshold, the maximum price should be US$2.26 in the CD4 <200 cells/mm 3 population.
The maximum CD4 test price to stratify individuals to different strategies is US$2.21 at a threshold of US$500/QALY (Appendix Figure A4 ).
| DISCUSSION
This study is the first to compare enhanced-prophylaxis packages for opportunistic infections with other prophylaxis strategies, including CrAg-based targeted prophylaxis, for HIVpositive individuals in sub-Saharan Africa. The full enhancedprophylaxis package (tested in REALITY) confers significant health benefits and is cost-effective at accepted cost-effectiveness thresholds providing constituent drugs are available at cheapest prices in the four countries included in the REALITY trial. The incremental cost of prophylaxis per patient was only $5.46 versus standard care, which is offset by cost-savings elsewhere. Enhanced-prophylaxis was more effective and less costly than all CrAg testing strategies as the enhanced-prophylaxis still conveyed health gains in CrAg-negative patients and the savings from targeting prophylaxis based on CrAg status do not compensate for the cost of CrAg testing.
The cost-effectiveness of enhanced-prophylaxis was, however, highly sensitive to drug component prices, which varied widely by country. Using country specific costs, enhanced-prophylaxis presented an ICER of US$230/QALY, US$353/QALY, and US$501/QALY in Kenya, Uganda and Malawi respectively. For enhanced-prophylaxis to be recommended in late presenters, efforts are needed to minimize drug prices. Lessons should be learned from international efforts to negotiate and drive down prices of ART in sub-Saharan Africa [24] .
Our analyses indicate that strategies involving CrAg testing, as currently recommended by WHO guidelines for advanced HIV disease, are not cost-effective at a CrAg test cost of US $5.66, the actual cost for the test within the REALITY trial. Sensitivity analysis indicate that, for the CD4 <200 cells/mm 3 population, CrAg testing only becomes cost-effective (using a cost-effectiveness threshold of US$300/QALY) at a much lower cost of US$2.26 per test. Whilst the manufacturer quotes test costs of USD$2.50, this does not include shipping or labour. Other recent studies have estimated costs of USD $3.41-$5.24 in Africa [25] [26] [27] while study partners have indicated costs of USD$7-$10.
Our study also shows the value of stratifying individuals according to pre-ART CD4 count, whose measurement has recently been reported to greatly reduce mortality [28] . It is difficult to identify individuals with advanced HIV via symptoms alone; for example, all individuals in REALITY had CD4 <100 cells/mm 3 (median 37 cells/mm 3 ), but around half had few or no clinical symptoms. Using enhanced-prophylaxis in all individuals at presentation is not cost-effective; CD4 tests must cost under US $2.28 to be cost-effective if solely used for enhanced-prophylaxis stratification (at the US$500/QALY threshold), considerably below published CD4 prices [29] . However, CD4 testing also identifies individuals at high risk of imminent morbidity/mortality after restarting ART after interruption, or switching to second-line ART, where enhanced-prophylaxis may also be valuable [11] .
A previous study examining the cost-effectiveness of CrAg screening to target prophylaxis in South Africa found the CrAg screening strategies to be more effective and less costly than universal fluconazole prophylaxis [30] . However, the universal prophylaxis considered was 200 mg daily for a year, rather than 100 mg daily for 12 weeks as in REALITY, and the cost of fluconazole was much higher than in REALITY countries. The study also considered only cryptococcal mortality in CrAg-positive individuals (i.e. assumed no benefits of fluconazole in individuals testing CrAg-negative, despite the potential for false-negatives and the possibility of infection with cryptococcus shortly after ART initiation [14] ). Additional benefits from targeted pre-emptive treatment with higher fluconazole doses (as defined by WHO) were considered in our scenario analysis and the additional cost was not value-formoney even if it eliminated all cryptococcal mortality and hospitalizations. Importantly, while not considered explicitly here, enhanced-prophylaxis can be administered immediately to individuals starting ART, whereas in some situations additional CrAg testing may result in delays in ART initiation with likely mortality in those at high risk awaiting test results.
The REMSTART trial investigated CrAg screening and community-based early adherence support in individuals starting ART with CD4 <200 cells/mm 3 , with CrAg-positive individuals receiving 10 weeks of fluconazole (at WHO recommended doses) in Tanzania and Zambia. The trial found that CrAg screening and adherence support was cost-effective versus standard care in low-income settings [22, 27] . However, this analysis did not consider alternative prophylaxis strategies and importantly did not separate benefits of CrAg screening from adherence support in [25] However, this study did not consider a universal prophylaxis strategy in populations with low CD4. Similarly, studies of national CrAg screening programmes in individuals with HIV in Uganda and Vietnam found they were a cost-effective use of resources versus not screening [26,31], but again did not consider a universal prophylaxis strategy and focussed on screening the whole HIV population, rather than those presenting with advanced HIV in whom we found universal prophylaxis to be cost-effective. Study strengths include the use of the best available data to assess the cost-effectiveness of different prophylaxis strategies based on the REALITY trial package and CrAg screening, including factor-specific models based on extensive detailed data collected in the trial. The model closely fits REALITY survival data suggesting good internal validity. Using a decisionanalytic modelling approach enabled us to consider cost-effectiveness in individuals with CD4 100-200 cells/mm 3 . Uncertainty in model parameters was reflected using probabilistic sensitivity analysis, and the impact on results of key uncertainties was quantified using scenario analysis.
Limitations include the fact that factors such as improved adherence in the trial may affect generalizability. However, comparisons between randomized groups (on which cost-effectiveness is based) are not affected by this and higher underlying mortality rates outside of a trial would mean our results are conservative regarding benefits from enhancedprophylaxis. Some of our strategies were not considered directly in the trial, and analyses hence required assumptions about the impact of the individual package components on different reasons for mortality and hospitalization (these are highlighted in Table 3 ). Modelling cost-effectiveness in subgroups not included in the REALITY trial (i.e. individuals with CD4 >100 cells/mm 3 ) involved extrapolating relationships between CD4 and cause-specific mortality hazards, costs and HRQoL. The trial, and our analyses, only considered 100 mg fluconazole daily prophylaxis; higher doses might have higher efficacy in CrAg-positive individuals [32], although the lower REALITY dose reduced cryptococcal mortality. Our scenario analysis showed that even if higher pre-emptive treatment doses eliminated all cryptococcal mortality and hospitalizations, it would not be cost-effective at accepted thresholds. Another limitation is that hospitalization costs were obtained from WHO CHOICE and do not distinguish by reason for hospitalization or capture all treatments or diagnostic tests received, although drug costs would have been included as concomitant medications. This will underestimate cryptococcal hospitalization costs, which means our analyses will be conservative towards the extended-prophylaxis regime. Some potential benefits of prophylaxis are not included in the model, for example, reductions in oral and oesophageal candida with fluconazole, which impacts HRQoL, and the consequences of any delays in ART initiation while waiting for CrAg test results (recognized in WHO 2018 cryptococcal guidelines [33] which state that "fluconazole primary prophylaxis should be made available in settings in which CrAg screening is not available or there may be prolonged delays in receiving the result"). Both make the current analysis conservative with respect to enhanced-prophylaxis.
Our analyses did not include effects of teratogenicity because fluconazole is classed as Category D only for doses ≥ 400 mg daily; assuming that no pregnant woman would start fluconazole under universal or targeted strategies, the probability of new pregnancy in 12 weeks is low, at least in the advanced population. Finally, the model only estimated results over 48 weeks, reflecting trial follow-up. Absolute mortality benefits with enhanced-prophylaxis versus standard-prophylaxis are likely to persist much longer.
| CONCLUSIONS
In conclusion, the REALITY enhanced-prophylaxis package in individuals initiating ART with CD4 <200 cells/mm 3 confers significant benefit to individuals and appears cost-effective at accepted cost-effectiveness thresholds. Efforts should continue to ensure that the components of the package can be accessed at lowest available prices. 
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